In order to avoid these difficulties, we performed a systematic study of DCPD hydrolysis transformation into OCP by considering the effect of 4 experimental parameters: pH, maturation time, reaction temperature and ratio of brushite weight introduced in a constant volume of deionised water (400 mL). The stirring speed was 300 rpm. Brushite was prepared by double decomposition of ammonium phosphate and calcium nitrate. Its specific surface area was 3.4 m 2 ·g. The pH was maintained constant by addition of ammonia dispensed by a microburette monitored with a pH-stat ( Fig. 1) . Depending on the pH (more or less acid), the following reactions can take place: This study was carried out using an orthogonally blocked central composite design [4] , which was also rotatable. In this design, the factors are the experimental parameters considered above: pH, time, temperature, and liquid-to-solid ratio. The values used in this design and the levels X i of the 4 factors are indicated in table I.
In order to limit the number of runs, each experiment was done in random in the 3 following blocks [4] : the first block with a fractional factorial design 2 4-1 (with I = -X 1 X 2 X 3 X 4 ) with 2 center points, the second block according to a factorial design 2 4-1 (with I = + X 1 X 2 X 3 X 4 ) with 2 center points, the third block according to axial design with the distance to center α equal to 2, and with 2 center points. The values of the factors used in this design are reported in table II.
Responses y u included responses y 1 , y 2 , y 3 and y 5 defined below, and responses y 4 and y 6 computed from the previous ones (y 4 The six responses y u are not all independent of each other. From this fact it is necessary to calculate the D matrix (of dimension 30,6) = {y iu -yu } of individual means deviations [5] with column-centered. But as all the responses are not in the same unit system, it is necessary to treat N matrix (of dimensions 30,6) which is the normalized matrix. The symmetric normalized matrix N'N (of dimension 6,6), without units, is reported table III.
The eigenvalues Λ i of N'N in decreasing order, are: Λ 1 = 128.86; Λ 2 = 37.07; Λ 3 = 7.28; Λ 4 = 3.08; Λ 5 = 1.96; Λ 6 = 1.77 and the eigenvectors z i shown in table IV.
The first eigenvalue Λ 1 is about 70 times greater than the last two Λ 5 and Λ 6 . It is clear that the possibility to estimate the responses in our model come from a great part of z 1 , the eigenvector associated to Λ 1 . Eigenvalues and eigenvectors analysis help in uncovering the linear relationships which exist among the observations y u .
In experimental design, the equation of estimated responses ŷ can be written: So, there are 15 coefficients to estimate. However, the classical equation (1) may be reduced to its canonical form (2) in which only 6 coefficients have to be estimated: (2) where Z i is a linear combination of X i .
In equation (2), ŷ S is the optimum of ŷ (maximum, minimum, minimax) and λ i is the eigenvalue of the determinant of symmetric matrix B = {b ij }, which comprises the interaction terms (b ij = b ji ) and the quadratic terms (b ii ). The results (λ i ) are given in table V.
Moreover, the multilinear responses lead to the following correlation matrix and are reported in table VI. We verify at the same time, that the responses are not independent, but strongly correlated in most cases. From the correlation matrix, it is possible to calculate the eigenvalues (Lambda α), in decreasing order and the eigenvectors (u α j ) in the same order (Tab. VII). The eigen structure table is useful for identifying the shape and orientation of the hyperellipsoids and results. The first eigenvalue is ~3.5 times the second value (4.4088/1.2437), and ~20 times the third value (4.4088/0.2165). Moreover the proportion of lambda for axes 1 and 2 is 94 % (Tab. VII). That means that the axes 1 and 2 are by far the two most important. From this table it is possible to analyse the three principal components [8] , Axe α(j) = u αj , where α is the eigenvalue, and j the j th eigenvector (Tab. VIII). Axes 1 and 2 are the two principal components (Fig. 2) . The responses y u are close to the correlation circle. That means that axes 1 and 2 are nearly the only ones to represent the effect on all the responses y u . Moreover, the Ca/P ratio is almost on axis 1 (0.980), and the % of solid mass is correlated negatively to axis 1 (-0.968), and therefore to Ca/P. Finally, the volume of NH 4 OH, and the recovered mass are 60°and 106°from axis 1: that means that these two factors are practically independent of the Ca/P ratio, and almost independent of each other. We will discuss this important point in a following paper.
It is possible from this component analysis (Fig. 2) , to write the estimated responses ŷ 1 and ŷ 5 . These responses are of particular interest because they explain the composition of the product and the recovered mass, where the numbers in parentheses are the standard errors of the coefficients, from which we obtain: atomic ratio: Ca/P: ŷ 1(5%) = 1.342 (0.008) + 0.069 (0.004) X 1 + 0.010 (0.004) X 2 + 0.044 (0.004) X 3 -0.020 (0.004) X 4 -0.014 (0.005) X 1 X 2 -0.032 (0.005) X 1 X 3 + 0.022 (0.005) X 1 X 4 -0.026 (0.004) X 1 2 -0.028 (0.004) X 3 2 Lambda α
Original articles The analysis of these responses shows that a set of experimental conditions exist (without taking the blocks into account) which easily leads to a product composed of only triclinic OCP. The set (in ordinary units) for symmetrical linear desirability d u (%) as a function of y u is [9] : The set corresponds to synthesis for which the overall desirability is 87.6 %. In tables IX and X we report the coordinates of maximum of overall desirability. Extrapolation to the industrial scale should however be checked. The relative level contours ŷ 1 , Ca/P ratio, where established with X 2 = 0,586 ( Fig. 3 ). In this figure, we show the A point (X 1 = 0.403 ; X 2 = 0.586 ; X 3 = 0.027 ; X 4 = 1.536), where the overall function desirability is equal to 87.6 % (Ca/P = 1.335).
The set does not correspond to the laboratory synthesis. Factor U 2 must be ≤ ≈ 10 hours or ≥ ≈ 15 hours (Tab. I), so that the end of the synthesis does not occur during the night. So, factor U 4 (brushite mass/water volume) must be as high as possible. This depends on the experimenter.
Before applying these experimental conditions, the validity of the empirical mathematical design obtained must be checked by carrying out three complementary runs. We calculated the theoretical responses from the empirical model, and compared them to experimental responses. If we take experimental incertainty into consideration we can also say that the model is well supported.
The physical-chemical discussion of this center-composite design will be examined in a forthcoming paper.
